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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] When this invention is used more in detail about the etching method of a 
silicon wafer as the etching method for forming the thin- walled part in a semiconductor pressure sensor or a semiconductor 
acceleration sensor, it is suitable. 
[0002] 

Pescription of the Prior Art] There is the method of controlling the right voltage impressed to the etched field of a wafer by 
making a silicon wafer into the method of **********ing with sufficient repeatability (JP,8-264504,A). As shown in 
drawing 22 , after forming the mask material 61 in a silicon wafer 60 in detail, as shown in drawing 23 , it floods with alkali 
etching liquid, such as KOH, right voltage is impressed to an etched field at the time of the etching start with unstable solution 
temperature, and an end, silicon is anodized, and a crevice 62 is formed. If it does in this way, the variation factor of the 
amount of etching (thickness) is removed, and solution temperature can etch the silicon of the specified quantity with 
sufficient repeatability in the stable state. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in order to be dependent on the temperature distribution of the etching 
reagent on the front face of a wafer about the amount distribution of etching within a wafer side, there is a problem of 
producing the amount variation of etching in the center section and the periphery section of a wafer. In case it ********** s 
especially under an elevated temperature, according to a solution temperature distribution, the amount variation of etching 
will become large. 

[0004] Then, the purpose of this invention reduces the amount variation of etching of a wafer center section and the periphery 
section, and is to offer the etching method which can make high thickness precision of the thin-walled part in a wafer side. 
[0005] 

[Means for Solving the Problem] [ whether according to invention according to claim 1, voltage is impressed in the state 
where the silicon wafer was immersed in the etching reagent, and ] Voltage on which etching advances is impressed and 
etching is performed from one field of a silicon wafer, a silicon wafer a part Or the process which forms a crevice in a field. 
The process which impresses right voltage to a silicon wafer in the state where the silicon wafer was similarly immersed in 
the etching reagent in front of the aforementioned process or in either [ at least ] the back, and anodizes silicon. The amount of 
etching within a field is controlled by offsetting the inclination of the amount distribution of etching within the wafer side in 
each process. 

[0006] More specifically, like, in case [ according to claim 2 ] anodic oxidation is performed, the electrode for electric supply 
is arranged only in the periphery section of a silicon wafer, moreover - being according to claim 3 - like -- the inside of the 
stirring intensity of the etching reagent for etching, the applied voltage in the case of anodic oxidation, and anodic oxidation 
time - any one is adjusted at least 

[0007] That is, if the electrode 72 for electric supply is arranged to the circumference of the chip formation field 71 and 1 
****** of whole wafer surfaces is equally made it while arranging the electrode 70 for electric supply in the wafer periphery 
section like drawing 14 and 15, as shown in drawing 16 As the amount distribution of etching in a wafer side is a flat and it is 
shown in drawing 17 at the time of anodic oxidation As for the amount of etching in a wafer side, there is little periphery 
section at the time of etching (except for the time of anodic oxidation), consequently as shown in drawing 1 8 , the total 
amount of etching in a wafer side has little periphery section. On the other hand, if the electrode 9 for electric supply is 
arranged only in the wafer periphery section and only the periphery section of a wafer impresses voltage to it for example, as 
shown in drawing 6 and 7, as shown in drawing 19 As the periphery section of the amount [ of etching ] in a wafer side 
increases at the time of anodic oxidation and it is shown in drawing 20 As for the amount of etching in a wafer side, there is 
little periphery section at the time of etching (except for the time of anodic oxidation), consequently as shown in drawing 21 , 
the total amount distribution of etching in a wafer side becomes a flat. 

[0008] Thus, while devising the electric supply method so that a difference may arise in applied voltage in the center section 
and the periphery section of a wafer in case it anodizes paying attention to an etching rate changing with applied voltage in 
case silicon is anodized, the amount variation of etching is offset by devising the stirring intensity of an etching reagent, the 
applied voltage in the case of anodic oxidation, anodic oxidation time, etc. Consequently, the amount variation of etching of a 
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wafer center section and the periphery section is reduced, and thickness precision of the thin-walled part in a wafer side can 

be made high. 

[0009] 

[Embodiments of the Invention] Hereafter, the gestalt of the operation which materialized this invention is explained 
according to a drawing. This operation gestalt is materialized to the semiconductor pressure sensor which used the 
piezoresistance layer. 

[0010] The cross section of a semiconductor pressure sensor is shown in drawing 1 . (1 10) The N type epitaxial layer 2 with 
a thickness of 10 micrometers is formed in the P type silicon substrate 1 of a field direction at the whole surface, and the 
semiconductor substrate 3 is constituted by this layered product. The crevice 4 which carries out opening to the whole surface 
is formed in the P type silicon substrate 1 , and the thin-walled part 5 consists of base 4a of this crevice 4. This thin-walled 
part 5 serves as a sensor diaphram. Moreover, this crevice 4 is formed by etching. 

[001 1] It sets to drawing 1 and is P+ in the N type epitaxial layer 2. The type impurity diffusion layer 6 is formed and it is this 
P+. It becomes a piezoresistance for the type impurity diffusion layer 6 sensing distortion. The silicon oxide 7 is formed in the 
front face of the N type epitaxial layer 2. P+ The type impurity diffusion layer 6 is electrically drawn out by the aluminum 
wiring 8 at the front-face side of a silicon oxide 7. 

[0012] The schematic diagram of the etching system for forming a thin- walled part (diaphram) 5 in the semiconductor 
substrate 3 in a wafer state is shown in drawing 2 . Polytetrafluoroethylene resin etc. is used, an etching system is equipped 
with a pedestal 14, the tubed frame 15, and a lid 16, and they are [ these members are high insulation and ] excellent in 
adiathermancy and corrosion resistance. On the pedestal 14, while the inferior-suiface-of-tongue opening edge of a frame 1 5 
is arranged by O ring 1 7 in the state which can be held in the state of fluid-tight, as for the upper surface opening edge of a 
frame 15, the lid 16 is attached in the state of fluid-tight by O ring 18. An airtight container is constituted by this pedestal 14, 
frame 15, and lid 16, and the 32wt%KOH solution 19 as alkali anisotropic etching liquid can be arranged now in this 
container. 

[0013] Upper surface 14a of a pedestal 14 is a smooth substrate installation side, and the semiconductor substrate 3 of the 
wafer state which is going to etch into this upper surface 14a is arranged. At this time, the P type silicon substrate 1 of a 
silicon wafer (semiconductor substrate 3) turned to the top, and the front face of the P type silicon substrate 1 is in contact 
with 32wt%KOH solution 19. Moreover, the electrode 9 (refer to drawing 1 ) for electric supply of a silicon wafer 
(semiconductor substrate 3) is close with upper surface 14a of a pedestal 14. 

[0014] The crevice 20 for negative pressure room formation is annularly established in the periphery section of upper surface 
(substrate installation side) 14a in a pedestal 14. The ring-like packing 21 fixed in the inferior surface of tongue of a frame 

1 5, and this packing 21 has plugged up opening of the crevice 20 for negative pressure room formation with the state where it 
faced across the periphery edge of a silicon wafer (semiconductor substrate 3). And by carrying out vacuum length of the 
inside of the crevice 20 for negative pressure room formation with the vacuum pump which is not illustrated, packing 21 is 
attracted and a silicon wafer 3 is fixed to move impotentia. Thus, masking to the etching side in the periphery edge of a silicon 
wafer 3 is performed by packing 21 . Moreover, suction fixation of a pedestal 14 and the frame 1 5 is carried out by this 
vacuum length. 

[0015] As shown in drawing 3 , the path 23 which opens the upper surface (substrate installation side) 14a and the crevice 20 
for negative pressure room formation for free passage is formed in a pedestal 14, and the anode plate electrode 24 is arranged 
at this path 23. The end of the anode plate electrode 24 is connected with the pin 26 with the nut 25 in the crevice 20 for 
negative pressure room formation. A pin 26 is exposed to the exterior of a pedestal 14 by the run through-hole 27, and the 
airtight is held by O ring 28. In the state where the nose of cam of the anode plate electrode 24 does not have a silicon wafer 
(semiconductor substrate 3), only distance L is projected from upper surface 14a of a pedestal 14, and in the state where the 
silicon wafer 3 has been arranged to upper surface 14a of a pedestal 14, the anode plate electrode 24 bends, as a two-dot 
chain line shows to drawing 3 . Thus, the anode plate electrode 24 contacts the electrode 9 (refer to drawing 1 ) for electric 
supply of a silicon wafer 3 with fixed contact pressure, and impression of voltage of it is attained at a silicon wafer 
(semiconductor substrate 3). 

[0016] The supply path 29 which results in a frame 1 5 is established in a lid 16, and pure water can supply [ 32wt%KOH 
solution / nitrogen gas ] now through a bulb 32 in drawing 2 at this supply path 29 through a bulb 3 1 through a bulb 30, 
respectively. Moreover, the eccrisis path 33 which opens the interior and the exterior for free passage is established in a lid 

16, and opening of the end of this eccrisis path 33 is carried out to the pars basilaris ossis occipitalis in a frame 1 5 in the pipe 
34. And KOH solution 19, pure water, etc. in a frame 15 can be discharged now through this pipe 34 and the eccrisis path 33. 

[0017] It is arranged in the state where the cylindrical cathode electrode 35 penetrates a lid 16, and the airtight is held with O 
ring 36. This cathode electrode 35 is prolonged to the predetermined depth to the 32wt%KOH solution 1 9 in a frame 1 5. 
Between the cathode electrode 35 and the anode plate electrode 24, the series connection of DC power supply 37, an ammeter 
38, and the contact 39 is carried out. And voltage is applied to the cathode electrode 35 and the anode plate electrode 24 by 
DC power supply 37 by the closed circuit of a contact 39. At this time, the current which flows from a silicon wafer 
(semiconductor substrate 3) to the cathode electrode 35 with an ammeter 38 is detected. 

[001 8] It is arranged in the state where a heater 40 penetrates a lid 1 6, and the airtight is held with O ring 4 1 . By energizing 
this heater 40, a heater 40 generates heat and the temperature up of the 32wt%KOH solution 1 9 can be carried out. It is 
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arranged in the state where a temperature sensor 42 penetrates a lid 1 6, and the airtight is held with O ring 43. The 
temperature of KOH solution 19 is detected by this temperature sensor 42. Supervising the temperature of the KOH solution 
19 by the temperature sensor 42, it carries out energization control of the heater 40, and a temperature controller 44 holds the 
temperature of KOH solution 1 9 at 1 10 degrees C. 

[001 9] The stirring wings 45 are arranged in a frame 15, the stirring wings 45 rotate through distributor shaft coupling 47 by 
the motor 46 attached in the lid 16, and KOH solution 19 is stirred. As for the stirring wings 45, the airtight is held with O 
ring 48. 

[0020] The main controller 49 detects energization current as if the start of etching is detected with the signal from the start 
switch 50 with both the signals from an ammeter 38. Furthermore, the main controller 49 carries out drive control of a contact 
39, a motor 46, a temperature controller 44, and the bulbs 30, 3 1 , and 32. The main controller 49 is constituted centering on 
the microcomputer. 

[002 1] Next, the manufacture method of this semiconductor pressure sensor is explained. Drawing 4 is process explanatory 
drawing of etching processing, and shows the impression state of voltage to drawing 5 . The manufacturing process is 
explained according to this drawing 4 and 5. 

[0022] First, the P type silicon substrate (silicon wafer) 1 of the field (110) of drawing 22 is prepared. This wafer is specific 
resistance 10-20 ohm-cm. The N type epitaxial layer 2 is grown up into the whole surface of this P type silicon substrate 
(silicon wafer) 1 , and it is P+ to the periphery section of the front face of the N type epitaxial layer 2 further. The electrode 9 
for electric supply (metal membrane) is formed through a layer. The electrode 9 for electric supply is formed only in the 
periphery section (part without an element) of the front face (circuit side) of a silicon wafer (semiconductor substrate 3), and 
it enables it to energize by low resistance (2ohms or less) in this area at this time, as shown in drawing 6 and 7. Moreover, 
resistance of the silicon substrate 1 between a center section and the periphery section of a silicon wafer 3 is set to about 
10-100ohms. That is, dummy chip area is formed in the center section of the silicon wafer 3, electrode 9a for amplitude 
measurements is formed in this dummy chip area, and resistance between the center of the P type silicon substrate 1 and the 
periphery section is measured by applying a probe to electrode 9a for amplitude measurements, and the electrode 9 for 
electric supply. In addition, there should just be at least one electrode 9a for amplitude measurements (dummy chip area) (one 
place). 

[0023] Furthermore, the mask material 10 (refer to drawing 1 ) is arranged to the predetermined field in the front face of the P 
type silicon substrate 1. A silicon nitride (SiN) is used as mask material 10. Thus, the silicon wafer before etching 
(semiconductor substrate 3) is prepared. Many crevices 4 for every chip formation field are formed of future processings to 
this silicon wafer 3. 

[0024] And a silicon wafer 3 is set in the etching system shown in drawing 2 (timing of tl of drawing 4 ). Under the present 
circumstances, wafer side (etched field) It turns upward and enables it to supply electric power from the 2-4 periphery 
sections of a wafer. That is, as shown in drawing 2 , a silicon wafer 3 is arranged to upper surface 1 4a of a pedestal 1 4, 
vacuum length of the inside of the crevice 20 for negative pressure room formation is carried out, and a silicon wafer 3 is 
fixed by packing 2 1 . 

[0025] From this state, if ON operation of the start switch 50 is carried out, the main controller 49 will close the contact 39 of 
drawing 2 , and will start voltage impression (timing of t2 of drawing 4 ). Then, the main controller 49 is in the state which 
impressed right voltage to the P type silicon wafer 1 , opens the bulb 30 of drawing 2 , and moves to a processing tub the 
KOH solution (etching reagent) beforehand heated by predetermined temperature (timing of t3 of drawing 4 ). That is : as 
shown in drawing 8 , the etching reagent which carried out remaining heat in the preheating tub is put in in the container of 
drawing 2 . Although the solution temperature of KOH solution 19 falls in early stages of etching and the degree changes a 
little for every processing by this (every one wafer), since anodic oxidation of the right voltage is impressed and carried out to 
the silicon wafer 3 in early stages of etching, as shown in drawing 5 , advance of etching in the meantime (anodic oxidation 
period Tl of drawing 5 ) is suppressed. In this period Tl, although anodic oxidation of the etching side is carried out, as 
shown in drawing 19 , an effective voltage becomes [ the wafer periphery section by which the electrode 9 for electric supply 
has been arranged ] high rather than a center section, and etching advances from the part of others [ section / wafer periphery 
]■ 

[0026] then, a predetermined time (Tl of drawing 4 ) until solution temperature is stabilized by the main controller 49 - this 
state is maintained And if a predetermined time Tl passes ( drawing 4 , 5 timing oft4), the main controller 49 will open the 
contact 39 of drawing 2 , and will end voltage impression. After voltage impression is completed, silicon ********** s> At 
this time, as the heat from a heater 40 cannot get across to the periphery section of a silicon wafer 3 easily and it is shown in 
drawing 20 , the temperature of an etching reagent becomes [ the direction of the periphery section ] low, and advance of 
etching is slower than a wafer center section compared with a wafer center section. That is, as shown in drawing 2 , in order 
that the heat with which packing 21 (sealant) is pushed and a heater 40 emits the peripheiy section of a silicon wafer 3 may 
escape through packing 21 (sealant), the periphery section of a silicon wafer 3 has a slow advance of etching compared with a 
center section. 

[0027] In addition, although the etching period T2 did not impress voltage, it may impress voltage on which not only this but 
etching advances, and may perform etching from one field of a silicon wafer 3. 

[0028] Next, the main controller 49 closes the contact 39 of drawing 2 to drawing 4 and 5 timing oft5, starts voltage 
impression, opens a contact 39 to the timing of t7 of drawing 4 , and ends voltage impression. Anodic oxidation of the silicon 
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is carried out in the period T3 of t5-t6 of the early stages of this voltage impression, i.e., drawing 4 . 

[0029] Moreover, to the timing of t6 of drawing 4 , the main controller 49 opens the bulb 3 1 of drawing 2 , and pours in pure 
water. That is, in the state where silicon was anodized, pure water is poured in into a tub, and KOH solution (etching reagent) 
19 is diluted and cooled. And as mentioned above, after stopping voltage impression to the timing of t7 of drawing 4 and 
ending etching, each diaphram ** within a wafer side obtains the silicon wafer 3 used as the desired value. 
[0030] In these process, when the equal electric supply method by the electrodes 70 and 72 for electric supply of drawing 1 5 
is used, at an anodic oxidation process, it ********** s equally and the distribution of the amount of etching to a silicon 
wafer shows the inclination for the dirty amount of the periphery section to be small, by the etching process. On the other 
hand, anodic oxidation conditions which may offset the amount distribution of etching since anodic oxidation and etching each 
process show the inclination for the amount distribution of etching to be reverse when drawing 6 and the electric supply 
method of 7 are adopted (applied voltage, time) And by setting up a stirring wings rotational frequency, the amount variation 
of etching can be reduced and an accurate diaphram can be formed. 

[003 1] The conditioning which offsets this amount distribution of etching is explained in detail below. The relation between 
applied voltage and an etching rate is shown in drawing 9 , and an etching rate changes with applied voltage. In a field 1 volts 
or more, voltage increases little by little by elevation of voltage, although anodic oxidation of the Si is carried out and a dirty 
rate falls sharply. 

[0032] The measurement result of the amount of etching in each position within the wafer side at the time of changing the 
anodic oxidation time when adopting drawing 6 and the electric supply method of 7 as drawing 10 , and using the P type 
silicon of specific resistance 10-20 ohm-cm for it is shown. Anodic oxidation time is 10 minutes, 1 5 minutes, and 20 
minutes. 

[0033] The measurement result of the amount of etching in each position within the wafer side at the time of changing the 
anodic oxidation voltage when adopting drawing 6 and the electric supply method of 7 as drawing 1 1 , and using the P type 
silicon of specific resistance 10-20 ohm-cm for it is shown. Anodic oxidation voltage is 5 volts, 7 volts, and 9 volts. 
[0034] Although the amount of etching at the time of anodic oxidation changes with the time and voltage of anodic oxidation 
from this drawing 10 and 1 1 , it turns out that the inclination for the amount of etching of the wafer periphery section to be 
large does not change. Since this has the strong resistance inside a wafer, to the wafer periphery section near the electrode 9 
for electric supply, in the center section, a voltage drop arises, and as shown in drawing 9 , the amount of etching of the 
silicon which runs in the case of anodic oxidation depends it on a bird clapper small. 

[0035] The measurement result of the amount of etching in each position within the wafer side at the time of changing the 
rotational frequency of the stirring wings 45 when adopting drawing 6 and the electric supply method of 7 as drawing 12 , and 
using the P type silicon of specific resistance 10-20 ohm-cm for it is shown. Although the amount of etching in a wafer side 
changes with rotational frequencies of the stirring wings 45 from this drawing 1 2 , it has set to each rotational frequency and, 
also in a gap, it turns out that the inclination for the amount of etching of the wafer periphery section to be small does not 
change. 

[0036] Thus, since these inclinations about the amount distribution of etching at the rotational frequency of anodic oxidation 
time, anodic oxidation voltage, and the stirring wings 45 are reproducible, they can make more the amount (thickness) 
distribution of etching within a wafer side into homogeneity with the combination of anodic oxidation conditions and stirring 
conditions. 

[0037] It is as follows when these things are summarized. As the amount distribution of etching in a wafer side is a flat and it 
is shown in drawing 17 at the time of anodic oxidation, as for the amount of etching in a wafer side, there is little periphery 
section at the time of etching (except for the time of anodic oxidation), consequently when voltage impression of the whole 
wafer surface is equally carried out like drawing 14 and 1 5, as shown in drawing 16 , as shown in drawing 18 , the total 
amount of etching in a wafer side has little periphery section. On the other hand, if only the periphery section of a wafer 
impresses voltage like the example of drawing 6 and the book shown in 7, as shown in drawing 1 9 As the periphery section of 
the amount [ of etching ] in a wafer side increases at the time of anodic oxidation and it is shown in drawing 20 As for the 
amount of etching in a wafer side, there is little periphery section at the time of etching (except for the time of anodic 
oxidation), consequently as shown in drawing 2 1 , the total amount distribution of etching in a wafer side becomes a flat. 
[0038] Hereafter, it explains, mentioning a concrete numeric value. The amount distribution of etching is made to a flat by 
making anodic oxidation voltage into 9v, making etching time T2 into 29 minutes for the time T 1 (referring to drawing 4 ) for 
1 5 minutes, making anodic oxidation time T3 at the time of an end into 3 minutes, being referred to as rotational frequency 
300rpm of stirring wings, and controlling the voltage and time of anodic oxidation, and the stirring wings rotational frequency 
at the time of etching. In addition, about T3, it is almost uninfluential to advance of etching. 

[0039] Here, the ** tone of the solution temperature was carried out to 1 10**0. 1 degrees C, using 32wt%KOH as an etching 
reagent, the above-mentioned conditions — origin - thick — a 300-micrometer silicon wafer — etching -- the amount 
distribution of etching of each diaphram in a wafer at the time is shown in drawing 13 the bottom In drawing 1 3 , a solid line 
shows this operation form and a dashed line shows the example of comparison using drawing 1 4 and the equal electric supply 
method of 15. Moreover, in the example of comparison shown with a dashed line, it is stirring rotational frequency 300rpm 
for etching time 29 minutes for the anodic oxidation voltage of 5v, and anodic oxidation time 1 5 minutes. In this operation 
form shown as a solid line, it is stirring rotational frequency 300rpm for etching time 29 minutes for the anodic oxidation 
voltage of 9v, and anodic oxidation time 1 5 minutes. 
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[0040] This drawing 13 shows that the amount distribution of etching is [ the direction of this operation form ] a flat 
compared with the example of comparison. Consequently, with this operation form, the amount variation of etching can be 
suppressed to **1 micrometer or less. 

[0041] In addition, although it was the case where flat-ization of the amount distribution of etching in a wafer side was 
attained by changing only anodic oxidation voltage in the case of drawing 1 3 Only anodic oxidation time may be changed, 
only the rotational frequency of the stirring wings 45 may be changed, two of the rotational frequencies of anodic oxidation 
voltage, anodic oxidation time, and the stirring wings 45 may be changed, or three elements may attain flat-ization of the 
amount distribution of etching in a wafer side by being strange. 
[0042] Thus, the gestalt of this operation has the following feature. 

(b) [ whether voltage is impressed in the state where the silicon wafer 3 was immersed in the etching reagent, and ] Voltage 
on which etching advances is impressed and etching is performed from one field of a silicon wafer 3. a silicon wafer 3 a part 
Or the process which forms a crevice 4 in a field, The process which impresses right voltage to a silicon wafer 3 in the state 
where the silicon wafer 3 was similarly immersed in the etching reagent in front of the aforementioned process or in either [ at 
least ] the back, and anodizes silicon, The amount of etching within a field was controlled by offsetting the inclination of the 
amount distribution of etching within the wafer side in each process. Consequently, the amount variation of etching of a wafer 
center section and the periphery section is reduced, and thickness precision of the thin-walled part in a wafer side can be 
made high. 

[0043] More specifically, in case it anodizes, the electrode 9 for electric supply is arranged only in the periphery section of a 
silicon wafer and the amount variation of etching at the time of etching is offset to make applied voltage produce a difference 
in the center section and the periphery section of a wafer. 

[0044] Moreover, the amount of etching within a wafer side (thickness) Since variation arises by the solution temperature 
distribution on the wafer at the time of etching, the amount of etching in a wafer side can be equalized more by [ of the stirring 
wings rotational frequency for etching (stirring intensity of an etching reagent), the applied voltage in the case of anodic 
oxidation, and the etching time ] adjusting any one at least. 

[0045] Although the case where the diaphram of a semiconductor pressure sensor was formed in old explanation was 
explained, it can use, when forming the thin-walled part (beam section) of a semiconductor acceleration sensor. 
[0046] Moreover, although it was the case where P layers in the silicon wafer which has a PN junction in old explanation 
were ********** e( ^ wnen etching by preparing the electrode which is well-informed about an etched field on a silicon wafer 
without a PN junction, and impressing right voltage to the etching side of a silicon wafer through the electrode concerned, you 
may apply. 



[Translation done.] 
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kW^Ox^y^ftA^y^ffiSU */-xmMI*J 

x'<mm&(»mzm&zis < -thz.b sx 7 fy 
?irm$&m-z>zbiz$>z>. 

[0005] 

M^a-w^o^g] M*«itiett^^t 

V n y ^xv\£ x «y ^- y T'igcsa LfctfJi 
xnmZQHjalKWK x.v+>7ifittti+ 

3iv1-y?Zft\^)ayV^\<r)^m&{z\mzm 

tjsvvtiBi t< i/v ?y*7xj^x.~/i-y?mzmm.L 

t$mX'is 'J 3 y •/-xyxtdESESrfflJn LT v U n y £ 
H&SHtt&Igfcox -eii-eixoxetfcftS^xyN 
Brtox -y ^y^4^<7)«[pi£fflSi-& ZblzX*). 
iSrtox >y +yf&ffmmzti& . 
[0 006] J: ^*«2 »clB«^J: 3 
fc. ISffiS?fl:2:ff3|gti3^T^U3y'>x>'vOJ1.^a5 

tco^mfflmffi^Esri.. ff^fl3tias<7) 

Xolz^ x y ^y^o^cox -y f-y ^?fico^^S, 
[0007] 0. 014. lS^idtOxyx^ 

mztenmnm7 ozmstz t t,(cf-y7«j£«s 

7 lc7)jgBfc3&mflMM7 2SrEaL-Oxy\^;®^ 
^tlffiEPKilT^Sf:. 01 6iz^fXoiz. US 
IHb^tfcv^T^x/Nfflrt-CWx -y^-y^g^{i77 
-/bT'fcO. 017(c^TJ;3tc, x-yf-y^(^ffi 
K^^^O ttJ^T^xy^rt-CiOx-yf-yT'Sti 

>naa*y«t<. hi 8t^-ri dt. ^x 

>\mftX'<r> h-^JUOx.-y^f-y^mMUti^^K 
ZtUzitl, mm. 06, 7fc>jcrJ:3fc?xy\*m 

ESrQ]Sirtl»t. 01 9fc^i3t. I^SBSfl^tfc 
cT^xyNffirtT^x -y ^-y^4J±i1-^* s ^< «r 0 » 
02Otc^-rj:dtc. x-y^-y^Sf (HffiS^^I^ 
< ) tfeV^T^xyNfflrt-c^x-yf-y^fitt^a*^- 
=5r<. -e^te*. 02 1 t^rTid tc. ^xyNHrtTW 
F-^;K?)x.y^y^4^i7 7 v ht^rS. 
[0 008] Ci«0J:5tL-C» v-'J^ySr^^t-rs 
IStcEKnimEtc i Ox »/^y^v- h«e)Wi i tz 

x.y^-y^<omtf««. mmatvmcotvMm 

!®mmmF£J3z-f&Zb£XL x>y^-y^ 
[0009] 



(3 

3 

z. 

i o o i o i m i \z\t^fo&x*yv<mm**.-?. 
(no) ffitreops^'j 3>a«i t«-ec7)-ffl(c 

5? 1 0//m<9NSxe?^i^/Wf 2*^j££*U z 

(mn&sw^vvri^yj^ktth. z<m 

&4\±^v*>7tz£>0Bl8.Ltzi>coTt>&. 10 
[00 1 1] 01fctJV^NSxtf^^f^;P«2t(i 
P + S**P^tfc«6*^j£S;i"i. £<0P + 

SfiT^S. P* m7ffiW&.fflS6VTiU$fflgi8lzZ 

[0012] @2 tea, ?x;>weco¥#f*a« 3 ic 

IWW (J^*??*) 55r^fi!t-ri.^«>Ox./f-y^ 

it?.i-uy®tiggtfm^t>ti. &ffimx\ A^mmt 
trnmnzmtix^h. m& 1 4<n±iznm^i 5«or 

SBiBPJgtfo y ^ l 7 c J 0 ?ff««fliT'ffi»»rig^« 

1 6**0'J v^i 8fcJ: Offi^ttSTflXOfttt^fLTv^ 
S. Cl?>£& 1 4 fc#{*l 5i:M*16i:tJ:»)^ffl^ 

ffifctT^3 2wt%KOH*^gl 9**Ea-C§SJ: 
dt&oT^S. 30 

[ o o 1 3 ] mt3 1 4<7>_tii 1 4 a\z*¥-m%zms.®m 

fci-S«>xyN*t©o^*a«3*fffifi$ixS„ ^Wfc 
y'Jay^ (^*»R3) OPS^ynyg 
« 1 jpJhSAS Pmis'J 3 ^MS 1 cr>$mtf3 2 w t % 
K0H*i§ffil9i:gLT^6. v"Jriy?XM 

<^«««3) v%nmmm9 <0i#so 

4<0±ffil 4 afctHBLTt)*. 
[ 0 0 1 4 ] 1 4fci>Jt£xifi (fflSaiSffi) 1 4 
a^mtC{iftE^fi£ffllHIg|52 0*»TlKtEtt'?>*l 40 
TV^„ tMfcl 50>TMlZl±Vy?ViM*y*y2 1# 
C!C0^ ydrV2Ui^'j3>">xyN (^ft 

mst.3 ) c^m^^^c/iDt^T-mEE^jetgffliH}^ 2 0 

*fci Oftffi^ESJSG3^2 0rt^^l^-rS-tfc 
J*v*y2 ltftyfi\%ixXi'Vziy*73U\31ffi 

®*mzW£.Ztlh£ott-?X^&. x 
->xy n 3 <9*mtrc<ox -y + y ?m\zftt& ~?x 

*yy\±n-,*y2 uziVfthtih. &fz. z<r>mt 

m<.z£m&\4tfflti5ttfm\m.zixh. 50 
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[0015] m3iz^-tx 0 m& 1 4tc{i-e<7)±H 

(ffl^SB) 14afcftBEg»j£ffl[HSS2 0fc£jISi 

■rsjiss2 3 wttssfu z<m&2 3 n«n«isffi2 

MHJS&2 0 fciSVYC-J-v h 2 0 1>2 6 tag? 
fro**. ey2 6{±^a?L2 7(cJ:'5a^l4<0^ 

izmin u o y yy2 8 1 i 9»ffitfft&8*i*c 

a«3 ) 0*|VvKffitfcv%T«*^ 1 4<0±B1 4 a*» 

6»iL«wgei!U ^uay>xyN3*a^i4o± 

m 1 4 afcffiBbfc4fc«fcfcVvC{iHffimte2 4ttH3 

izzjim&?*t£oi,zm. zeoxoiz. Wimmm2 

4\tisVayv^3<v&mmM9 <0l#ra) c— 
«3) Km^WMfcfc&s. 

[00 16] 02Ki>WC. ^{fcl 6£{itirtfcl 5rtt 

M5fl»saiS82 9*^t^ z<nm&m2 9kt^ 

/^3 0$riiL-C3 2wt%KOH^?g*^ 
15rjlLT«** J . /^73 2£&LTg*#X#. * 

\m&tn®*wm-m&w&3 3im.vt>ix. 
mtam^3 3 T3 4 tcT*w 1 5 mm 

g&3 3^atr#«ti 5ft?>KOH7mm 9<m*m 

[0017] w$.<rm$mfe3 5*^*1 6 &«a-rs 

tiTV^. ,IOfiffimfii3 5l±misl 5rtC03 2wt% 
KOH*Jg?Kl9fc*fL0r^$^TWT^&. PUS 
1g@3 5i|B§&mg2 4hc0f§]tC. E^®g3 7^%sS 
ff3 8i:^3 9fc*<^!|«^$ixT^-S. ^LT. « 
^C3 9i0fflSSt i 1imi3 7 ClT|g®Effi3 5 1|© 
@mffi24tm£E* J Jni.^S. ^kl. mg£ff3 8 
\,zk*)^)ny^JiJ\ (*mm&3 ) *^liffi«ffi3 

[00 18] t-^4 0*sg*l 6 5-Sii1-54jt®T5i 

S. d«b-^4 0Srjl«^C:tt*J:'3b-^4 0*« 
I^LT3 2wt%K0H*^fRl 9^#iS-ri»C:i:*i 
-C§S. iSJS-b^4 2*>mi 6-&Kil^-|,«t@-Ciii 
M£*U fro. O'jy^StT^^'ft^f^itTV^ 

^c7)iaJS-fe>^4 2ti'?KOH*^Sl 9WfflK 
tfW&Zlxh. iaSayho-7 4 4J±saS-by^4 2 
t:J:^KOH7|«l 9coiagi&S«Loob-^4 0 
?:am*J«ILTKOH7k^Kl 9<DSg£l 1 Ortft 

[00191^15 rtfcteSBf H4 5)&«i!S$n. g 
«cl 6izM')mft>1xt: : £—?4 6lZj:*)*i-y7>)yy 
4 7£:frLTJSlffg4 5^0IELTKOH*^?gl 9$: 
. MffM4 5 «o y y^4 8fcT^*«ft^S 
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[0 0 2 03 V?>Yu-y4 9\tm&X4 v+5 

*> tzmmt 3 8 & tovm^z i *) mw^fczmtt & . 

6, agrjyho-544. ^^3 0, 31, 3 2£ 

[00213 ^O^ftffi^-fey-tc^it^SSr 
aBBHLTVK. 04«x>yf-y^«®<oiSUiHflH-cj> 10 

o,a5 izitnmcomamz^t. z 004 . 5 
^xmxmzimix^< . 

[0 0 2 23 if. 022(0 ( 1 1 0) SCOPES' U 3 

(v-y3y?xy\) 1 zm&th, 
Jtfital 0-20Q ■ cmX'hh. IWPiy'Jayl 

^3cp* «&*L-rttwim (4N8) 9£» 

^ {^m&3) <rmm (mm) <mm> im? 20 
<D*s^swa) t^^i&«ffl«ffi9&^L. .rcoxyr 

ftTtemSL ( 2 QfclT) TiiST^ hid fc-TS . * 
)t. ^y3y^xyN3co+*&fcfl-ja$fc<0|§cO;'y3 
y^icoflas£io~ioongjg{ci/ciK. 

L . d CO*' 5 y 7X y 7 t«EiH©S«ffi 9 a 
£ifo£U fgEffl£ffimffi9afc&1Kffl!Wi9£:rn- 
7* MX & £ fc fe i 0 PSi/ y 3 y»g 1 <o4"l>i: 

(^5-^-«y7-xyr) *ffiHB (-S^) ftiitf 30 

[0 0 2 33 PS^y3>aSl<^®trJ3«t 

sj3r£St&r?x?»io (ai#HB) zw&t&. 

x^tt l 0 1 LTtt^'J 3ySft§| (SiN) fr'fflv^ 
tih. zoXotzLX. X7fy/i5»>' , j3y>x)N 

[0 0 243 %LX. @2t*-rx.y^^^|gt, ^ 
y3y>?xyN3£* y Kf3> (04cot 1<0:M S> 40 

fcU ?xy\<o*WgS?2~4lDfri&^&«T'£6 

^ 3 £ g£ 1 4 C0±H 1 4 a KffiB L . ftflES3&£ffl[Hl 
SS2 0 t*j£K£3l £ LT^ y 2 1 izX ^ 0 3 >"7X 
>^3£ll5&t£. 

[0 0 2 53 £<0:KSb&>^ IB4&X^ 7 7 C 5 0*»*^>^ 
ffr£*l.&fc. y3>M3-74 9Ji02<Oi&±i3 9 
^Wtmffi90nS:^t& (04cot2cO;M 
*0 . ^^3yhn-74 9ll PSi^y 50 
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6 

3y^x/\l{c;EmE£f^U:#!BT\ 02coA/W7 
(x-yf-y^iS) 5rJaa»t^L§i.& (04<Ot3tf> 

(cT^Ltx.y^-y^?eti&02«o§^rt{cAiis. c: 
tilz* 0. x 7 fy/»iKOH*Mi 9coSbS 
tfffiTU *OK£vvW81i5fc: («7X/Mtfcfet) ^ 
^fli-TS^ X yf-y^Wc{J^yn>"7xy\3t 

jE«^rans*ii©ffiSKL$ftT^&<oT\ 05tc*-r 
idt. <e<os (HsaBHMHnrri ) cox-y?-y 

:/C0»fT*<«]i.£>*l.6. d<0»lSTl(cfc^T<i. X>y 
WBfffi9j5«$itfc'>xyNJ1.m*Jtf 0 tH 

[00263 ^>(>'3ybn-74 9l«S* { 

^^■SiW^^IS (04OT1 ) ZcoW&£& 
o. -eLT. ^-fV3>-ha-54 9{iE»rS^Tl*< 
SS-tSk (04. 5^)t4^-f5y^) . H2i0« 
^39 *mr9K®to*1&T-f h . «E9flm*^7-tl» 
yya^xyfymi. y'Jnv 
•>xv\3cr)^mt{±b-^4 OA^^^gijOfcK 
<. 02O(c^tJ:dt:. ^xy^^iOfc^SSO 
^xyf-y^<ojaS*^<^cD. ^xyN+j^tcJt 

Kxjc-^y^emmm^\ ojo, H2t^rj:3 

t^y3y^x/\3c0^^±^ , ydry21 (v- )V 

mimwtt>tix&*). t-?4 o&kttmp* 

•>xy n 3 O^SSJi+ifeSfcJt^Tx <y V^^ff** 

[00271 ^t>. x^fy^T2li «BE5:Bttn 

3 ^^E^ MnLT y'J3 y ^xy \ 3 co-*«ffi*^x 
•y^-y^SrlT^Ttiv^ 

[00283 mz^ *4 y?y hv—749lZm4. 5 
cot 5«^>f S^tTB2<0^3 95-StmEffifin 
S-I^L. H4<0t7<0^-fSy^tT^3 9S:l8ft 
«E6Wmi&»7f S. ^wmERJJo^JJffl. rot>. 04 
cot 5~t 6 COWST 3 tfcV>"C ^ y 3 ya^ffiiHts 

[00293 tJt. 04<Ot6<7):M 5>^fcT^>fy 
3>hn-^4 9Ji02coyC;py3 1 ^(t. 

A-rs . o .5/ y 3 y^i©ffiBg^L^«ffi-rif t 

Syc^aEALT. KOHtIc^ (x-yf-^TR) 19$: 

#s?-^ai-rs. zlx. mmLtzi:oizm4ff)t7ff) 

9 A 5 y/tcTmE9fl!niS:f?ihfCx.y^y^^iH7-r 
Sk. >7xyNffirt<o#y>f-^77AS[*iB)racofflt^o 
Jt^y3y>/-x/\3£*§.&. 
[00303 ^ti^aStfcV^T . 0 1 5co&miJM«i 
7 0. 7 2{ciS%^C^:s-ffl^^^{c:{i. i^y 
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STIi^tx -y f-y ^3 fix > y ^-y ^Ig-m*mg|5 
<0X-yf-4*<yjN$V^l6j5r^-r. £*ifc*tU 06, 7 

t mLW& ■ x -y i-yr&xnx- 

ttfX'ZZ. 

[ o o 3 1 ] >r cox y?->7mmttm-z>3&mfc 10 

fcowt. 09fc{iEH&i]fgJEEfc 
x^f-v^O'-hwBBttiSL. attnttEtciOx-yf- 

i #H6SHfc$tU x -y MtfcfifctfF't* *\ 

[0 0 3 2] 01 Ofctt. 06, 7tO*&tt^Sr^fflL 
Jtffilfcl 0~2 0Q • cmfOPav-ynySrfflOit^ffc 
fcltS. ItffiS^S^^^^^cO^xyNffirtcT)^ 
SrcDx.y^y^:lcomSg*£*-r. 'BHMttHBRi 
104K 2 0#T&£. 20 

[0 0 3 3] 01 lfcli. 06, 7*H&«63ttliy§L 
it^iS 1 0—2 0 a • cmtDPSs'yrjy&fflVvfcB^fc 
Igfi^fllBJE^^^fc^^^xyNSrtco^fi 
aT'CDXyf-y^gcoffl^ft^-r. BSBKBEEtt 

[0 0 34] CKOil 0. 1 1j&>£>, ffiWMmcDX-v 

^XVN^g?(7)Xyf->yft!!)^^V^|6)(i^i5^ 

iWl ^x/NrtgSOfitii*^^^ 

fcjtfff & m y y^4#vh$ < £ t {C 
[0 0 3 51H12JC0L 06, 7<7MWr£i:&mL 

cO&ftffiT'CDX y f-y^4cOfll^gft^^„ £CO0 1 
2*>£>. l >xy\MF«j-CC0X>yf->'^ r S<iiafM4 5c0IlI 

Wit 

[0036] Z<DX 0 tC. RMBftftBIBL Sffie^m 
EE. 8tf2S4 5<0|I!»cJ:£x^y^*#ffit^ 

J^f^fNoa^^tJ: "9 . ^x/Nffi^cox-yf-y^ 
* (J¥S ) 4MB* J: 

[0037] Clix^>«0*5rii:*6St . ftcoidtS: 
■5.014, 1 5 co i 9 fc»>x/N^ffi*^tmE9ttn 
1 ZtiX^&t. 0i6fc^^-J:3{;. ffiWBUffilzb^ 

1 x >>xv \MrtT-cox y ^-vymmt 7 5 y h t*$> 0 . 50 
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01 7(cjjrf J;dfc. x^y^ (llffii£ftl$£Bfc 

0 \z&^x^^mnx-<F>^«,^vym&\i§mt>y 

-eco*Sm. 018^-ridt. >>x/\®rt-Ctf> 

U 06, 7^^^coJ:dK'>xy\co^h^gpco^m 
mmstht. 01 9(cSrf MNMW££ 

v vc »>xy Nfflrt-ccox v+yymi.wmtfz < & 0 » 

02Ofc^rJ:ac. x-yif-y^ (H»klS£6l; 
< ) tctJV^T^xyNffirtTcox-y^yiT-aji^gp^- 
*c9$g*. 02 ^x^ffirtTcO 
h-^cox-/^-^a^t±7 5>y MC&S. 
[0038] KIT. JM*^ffi£^f &#£>§WrS. 
BHMtSffi* 95101^. *C0B^T1 (04#JB) £ 

1 5fl\ X.yf-y;migT2£2 9#i:U i&TB^Ig 
fflftfcPSSIT 3 & 3#fc U 8l#IS?>lHHg& 3 0 0 r P 
mfc U l©iaiik<7)«E • ^teit^x-y^y^fcom 
tflSIIM^syhn-^SifcfcJ: 1 ?. 
1^777H:riS. T3fcovvckL x 
«y * y ^coaff (cut J t ^ t'l^SJi^v ^ . 

[0039] ZZT. Xy^-y^?StLT3 2wt%K 
OH^H. ffi&£l 10 + 0. irtiSiiL/v:. ±£ 
^fefrT'. ^SOO^mco^'Jny^^SrXyf-y^ 
Uifc^co. ^xy\rtco#^-V75Acox yf-y^4 

01 3t^r. 01 3t^^T. ^mammi: 
mrc^L. muzx. 014,1 5c7)^j&«^i& 
m^tsMm^^t. ttz. w&x^-tifflffltti^x 

>yim29^ J^HI^gc30 0rpm-CS>S. 
300rpmtS»5. 

[0040] ^co0i 3*^. itmnzit^mmm 
W)*z>. -ecojgiL xmsmmx-uxvi-yrmrtyv 

* 2: ± 1 jul mOTfcW ^. S - fc *^ S . 
[0041] Srik 0 1 3C0^&J+. ^fiffi-fbmEcO* 
5r^xSCl fcfcJ: O^xyNMrtT-cox-yf-y^^co 

7 5 yh-fl:^0i.«^-ej)ofc*^ ng|gfl:^faco^^ 

Zt fci. O^XyNHrtT'cOX yf-y^Jl^co^^ -y h 
fl:5:0oTt>J:v\ 

[0042] £co«fc 0 *Hifeco^®Ji. TEcolta 

( A ) ^ 'J 3 y ?x;n 3 Srx *, + yfmzim L^«® 

S «t ^=5r«ES:EWniLT^'J 3y'7xy^3c7)-^rcoBP3&» 
^.x y f-y ^ffv^ y 3 y ^^r^mmw 
4 2r»fiJW-SXgi: , H^EXS<7)B?i/v:(i^co^^< b 
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t>— ^tfe^TIM t< >>*) 3 y>xv\3 £x.yf-y;/?$ 
fcilS UrttBTS' 'J 3 y>x/\ 3 iziEWKZ ma LT 

u n y £HffigHtf sis fc ^-fLmoie^fc 
its >?x;N®rt<7)x . y ^y?mm<m$&wk$-h z. 

fcfciO. fflrtcox.yf-y^lfciffl^i.JdtcL*:,, 
[0043] iOjWfcWfcli. I^SiK^-rS^ ^xj\ 
[0 044] V^Mftcox.v1->7M. 

?4it&oT\ ^v+yrntzwnmmm&L (x.y 

f-y^iSOJStf&S) . BfflfcflK>B*>ffita«EE,. i» 

[0045] iftlfc TWlttDJfc:fcv^Tti^*E>J-fey 20 

[0 04 6] 4fc. itiiT'^iPJfcfcVvaiPNS-S- 
£3tT S U n y ^XJ\T<0 PJISrx-y f-y^-TSit^- 

•>x^ct)x -/ f-y ^(rE^ffi^ETOnrt S .1 k tci Ox 
[0BS^®#=5:iftBB] 30 



JfiS^l 1-111675 
1 0 

[01 ] Hii«»ffiStt3(t-&*S*E*-fey^Biiii 
0» 

[02] i^f^WWl. 

[03] x-y^y^Mco-gflfc*^. 

[04] x.yf-y^#£il#r£fc#><7>Ig0. 

[05] x •yf-y^'ISfffciiWtSfctfKO* 4 

K 

[06] ^yrjy»>x>»NOTffl0. 
[07] 06<7>A-ABriB0. 

[08] ^v^ymftzwm-hizwm. 
[09] EpiramEtx-/f-y^^-h^R^5r^-rs. 
[0 1 0 ] x >yf-y^*<o^^0. 
[011] x.y^y^ftco#?p0. 
[01 2] x.y^y^*<o^^B0. 

[01 3] »>X;Nffi|*J<DX.yf-y7'#:fi0. 

[014] ^•J3y>xy\«o^ffl0. 
[01 5] 014<75B-BBfffi0. 
[016] ^xyNfflp«}«OX>yf-y^^B0. 

[017] vxj^mnw^v^-yyftim. 

[018] ^xy^rt«x y^-y^ifB0„ 
[019] ^xyMart«x-/f-y^^B0„ 
[02 0] ^x/NHrtcox y^-y^^BH,, 
[02 1 ] ^xyNHrttax-y^yT-^fiH. 
[02 2] x.yf-y^ii#tSfc»coBfffi0. 

[023] xy^yrzwmtitmbctymm. 

l-PS^ynySfiL 3 
•■ (^yny^xyN) , 1 9-K 

OHTk^fit 
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[09] 
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[01 1] 



[018] 




1 3 5 7 9 ii 13 15 17 19 21 23 25 27 29 31 



[012] 



(am) 

i 

9 269 
f 

261 



[019] 



I 
1 



(urn) 
e 

4 



266 




254 



1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 
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